The mechanism of the reaction between various N-substituted furfuryl amines and maleic anhydride was re-investigated and fully elucidated. The reaction proceeds by condensation of the amino group on the anhydride function followed by an intramolecular Diels-Alder reaction. In one case the intermediate compound was isolated and fully characterized for the first time.
Intramolecular Diels-Alder (IMDA) reactions of furan derivatives offer a very fruitful entry to the synthesis of substituted heterocycles (1, 2, 3, 4, 5 ) . In connection with a work directed to the synthesis of optically active γ lactams (figure 1) we re-examined the mechanism of the cyclization of furfuryl amines with maleic anhydride and the structure of the adduct for which two different stereoisomers have been proposed (6, 7).
Two different pathways may account for the cyclization reaction (figure 2):
-condensation of the amine 1 with maleic anhydride 2, followed by an IMDA reaction (path A) -intermolecular Diels-Alder reaction (NDA) of the furan nucleus with 2, followed by an intramolecular attack of the amino group on the anhydride function (path B). -formation of the product 4d isolated and fully characterized by NMR and IR which could be further converted to 5d by traces of moisture (path B). The product 3d prepared independently was also shown to cyclize into 5d in 40% yield (8) -formation of 5d via path A with characterization of 3d which crystallized along with 5d when the amount of solvent was exceedingly minimized (9).
Results:
Faced with these results we re-examined the reaction of furfuryl amines (ia-c) with maleic anhydride under various conditions.
At room temperature, without solvent, la reacts with 2 (1 to 1 ratio) in a few minutes, to yield 5a in 93% yield. When the reaction is performed in acetone, chloroform, toluene, ether or ethyl acetate, 5a is also formed as the only product, although in a lower yield (65%). However in all these solvent the reaction is very fast and is over in five minutes and no intermediate can be detected even when the reaction is performed in an NMR tube (10).
When reacting equimolar ratio of racemic lb and 2, the tricyclic product 5b is isolated in good
yield. An NMR study in (CD^CO solution shows that the reaction is complete within five minutes; Adducts 5a, 5b and 5c all have the same relative configuration around the two newly formed C-C bonds, the carboxylic group and the C-C bond of the γ lactam are exo as it was previously reported by Bilovic (6). This relative configuration can be easily deduced from 1 Η NMR spectra. The coupling constant between the two endo hydrogen atoms is 9 ppm, a value which is in full agreement with published data (6) and Karplus correlation's (12). Furthermore the structure has been confirmed by X ray analysis of 5c (figure 3). For the first time the exact mechanism of the reaction between furfuryl amines and maleic anhydride has been demonstrated. The intermediate compound has been isolated in one case and fully characterized, and its behaviour to undergo an IMDA reaction was shown by an NMR study.
Such a cyclisation mechanism opens the way to control of diastereoselectivity and this is now further explored in our laboratory.
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